Objective: To evaluate the role of food habits and nutrient intake in children with functional gastrointestinal disorders (FGIDs) considering their association with psychosocial factors. Design: Cross-sectional. Setting: A rural town in Mid-Western Finland. Subjects: After excluding organic gastrointestinal (GI) disorders, a total of 49 children with FGID and 78 control children without GI symptoms from a cohort of 422 children were studied. Methods: Food frequency questionnaire, GI-symptoms questionnaire and the Child Behaviour Check List (CBCL) filled in by parents together with their child, and 24-h dietary recall and anthropometric and haematological measurements. Results: Compared to control children, fewer children with FGID had daily family dinner (77 vs 91%, P ¼ 0.030) and they used less often vegetables (P ¼ 0.023), fruits (P ¼ 0.027) and berries (P ¼ 0.011), but more often ice cream (P ¼ 0.018) and soft drinks (P ¼ 0.027) and had a higher sucrose intake (9 vs 7E%, P ¼ 0.032) and lower lactose intake (27 vs 36 g, P ¼ 0.001). Reported food-related symptoms were more common among FGID group (69 vs 11%), as well as restricted milk use (31 vs 0%). Children with FGID had higher total problem scores in CBCL (P ¼ 0.002), and the behavioural/emotional problems associated with occurrence of FGID (OR 1.04, 95% CI 1.07-1.076) as did the sugar intake (OR 1.1, 95% CI 1.004-1.215).
Introduction
Functional gastrointestinal disorders (FGIDs) are defined as a combination of chronic or recurrent gastrointestinal (GI) symptoms in the absence of diagnosed disease. A number of common paediatric disorders falls into this category, for example, infant regurgitation, chronic nonspecific diarrhoea, irritable bowel syndrome (IBS), nonulcer dyspepsia, infant dyschezia, and functional constipation (Hyams, 1999; Rasquin-Weber et al, 1999; Thompson et al, 1999) .
It is well known that psychopathology plays an important role in FGIDs. Gut function is controlled by a complex neural network and the current understanding is that FGIDs result from dysregulation of the bidirectional communication between the brain and the gut (ie the brain-gut axis), modulated by various psychosocial factors. Recently, instead of searching unidirectional relationship between psychosocial events and GI function, research has shifted to evaluate the reciprocal interaction between physiologic and psychosocial processes in these disorders Ringel and Drossman, 1999) . More psychological problems and stressors have been found in children with recurrent abdominal pain (RAP) and in those with organic GI disorder as compared to GI patients without symptoms or healthy control children (Sawyer et al, 1987; Walker and Greene, 1989; Robinson et al, 1990; Walker et al, 2001) . There is also some evidence that FGIDs may be more common in children coming from low social class (Alfven, 1993b) .
Role of food habits in FGID is not clear. Many adults with IBS experience that diet, especially foods rich in carbohydrates and fat, triggers their GI symptoms (Ragnarsson and Bodemar, 1998; Jarrett et al, 2001; Simren et al, 2001) . Similarly, many children with RAP have complained GI symptoms with meals (Alfven, 1993a) . Irregular meal patterns may predispose to GI symptoms, producing irregular secretion of GI hormones, which may alter GI motility. One of the reasons behind unexplained GI symptoms may also be undiagnosed milk hypersensitivity (Kokkonen et al, 2001) or carbohydrate malabsorption (Hyams et al, 1988; Lifshitz et al, 1992) . Undigested food may lead to food avoidance through nausea and other uncomfortable symptoms, and dyspeptic children with impaired gastric emptying have lower body weight for age (Papadopoulou et al, 2002) , those with RAP a loss of appetite (Alfven, 1993a, b) , and children with chronic constipation lower fibre and nutrient intakes than the control children (Morais et al, 1999; Roma et al, 1999) .
We postulate that children with FGIDs modify their food habits in manner, which may produce adverse nutritional effects and therefore food habits and health state of the children with FGIDs need to be evaluated in order to prevent nutritional disturbances and to establish a proper treatment of this entity. To our knowledge, it is not known whether these children have regular meal patterns and/or sufficient nutrient intake. The aim of the present population-based study was to determine the meal patterns, food use and nutrient intake of 10-11-y-old children with FGIDs, considering the association of FGID with children's emotional/ behavioural pattern and family's socioeconomic status.
Subjects and methods

Participants and procedures
A cohort of 422 children aged 10-11 y living in the rural town of Ylivieska, located in mid-western Finland, were invited to participate in the study between September and October 1999. The protocol included three questionnaires (meal pattern and food use, GI symptoms and allergy, Child Behaviour Check List (CBCL), which were distributed by the school nurses to the children at the fourth and fifth grades in all 12 primary schools of the town. The children were asked to fill in the questionnaires at home together with their parents, and to return the questionnaires to the teachers, 404 (96%) returning (Figure 1 ). Of the 135 children having suffered from abdominal pain, persistent diarrhoea and/or constipation during the previous 2 y, 110 (81%) agreed to participate in the clinical examination, but complete information was available from only 100 subjects. The clinical examination included checking the GI symptoms during past 6 months by the medical officer (ST) and if so a lactose load test, measurement of endomysium/transglutaminase and Helicobacter pylori antibodies. If symptoms were severe, a blind milk-protein challenge and/or gastro-and/or colonoscopy were undertaken. Based on this examination, a total of 26 children (24 with GI symptoms and two from the control group) had an organic GI disorder and were excluded. Of these, nine had milk allergy, eight had lactose intolerance, five had celiac disease, three had H. pylori infection, six had chronic constipation, and three had milk allergy with constipation and/or lactose intolerance. Of the remaining 76 in the symptomatic group, 27 children had symptoms less frequently than monthly and were excluded from further study. The 49 children (20 boys, 29 girls) having persistent abdominal pain at least once a month and/or persistent diarrhoea and/or constipation during the preceding 6 months were defined as the FGID group. Of these, three children had milk allergy in infancy, one child had diabetes mellitus and one epilepsy. Every third child with no GI symptoms (N ¼ 269) was selected to the control group attending same blood tests as those with GI symptoms. After exclusion of one child with celiac disease and one child with H. pylori infection, there were 78 children (44 boys, 34 girls) remaining in the control group. And of these, one child had epilepsy.
The parents and the children were informed about the nature of the study and the parents signed an approval form. The Ethical Committee of the Oulu University Hospital accepted the study.
Dietary data
Food habits were determined by the food frequency questionnaire, pre-tested at the Oulu University Hospital. It Food habits in schoolchildren with FGIDs M Haapalahti et al consisted of 55 questions concerning on usual food use and meal patterns at home and school during weekdays. The meal patterns of the family dinner were canvassed using the statements: 'The whole family tends to eat together', 'We prepare a hot meal', and 'We tend to eat the same time of day'. Food avoidance was asked by the question 'Does the child avoid any foodstuff now?' Milk use was estimated as glasses, one glass being 1.7 dl of milk. The nutritional status of the children was determined by the 24-h dietary recall and based on relative body weight in the growth charts and biochemical measurements (haemoglobin, mean corpuscular volume, mean cell haemoglobin concentration, serum ferritin and serum pre-albumin). Data on food intake were calculated by the AIVO-program, version 2.10 (Aivo Finland Oy). The interviews were carried out on weekdays (TuesdayFriday), and the children were interviewed in the presence of one of their parents. Food picture booklets (Haapa et al, 1985) and household measures were used in estimating the portions, and information on the school lunch was collected directly from the school kitchen. Adequacy of the energy nutrients intake was assessed using the Nordic recommendations (fat r30E%, protein 10-15E%, carbohydrates 55-60E%), and dietary fibre intake was considered sufficient if it was Z15 g/day (Williams et al, 1995) .
Socioeconomic status
The socioeconomic group was determined using the standard occupational classification (Ammattiluokitus, 2001) as modified: (1) upper white-collar, (2) lower white-collar, (3) workers, (4) entrepreneurs, including farmers, (5) students, pensioners and other, including housewives. Father's and mother's occupation associated strongly (w 2 ¼ 97.4, Po0.001) and were analysed separately and together.
Child Behaviour Checklist (CBCL)
Since psychological factors are contributing to FGIDs, we used the CBCL, which is a standardized questionnaire, for screening the behavioural and emotional problems in the children during the preceding 6 months (Achenbach, 1991 (Achenbach, , 2001 ). We used the CBCL for children aged 4-18 y. It include an overall rating of emotional/behavioural problems, and ratings in two areas labelled as internalizing, externalizing characteristics and another category of characteristics including thought, social, and attention problems. The internalizing characteristics consist of withdrawal, somatic complaints and anxiousness/depression syndrome, and the externalizing characteristics of delinquent and aggression syndromes. Somatic complaints consist of following symptoms such as tiredness, dizziness, abdominal pain, headaches, and nausea.
Statistics
Statistical analyses were performed using the SPSS 11.0. for Windows. Categorical variables (meal patterns, food use) were examined using w 2 -test or Fisher's exact test. For continuous data (nutrient intakes, milk use, relative body weight, biochemical measurements, and emotional/behavioural parameters) independent samples t-test or Mann-Whitney U-test were used whenever appropriate. Factors associating with FGID were examined by calculating the adjusted OR using the logistic regression. Females, father/mother other than upper white-collar, lack of daily hot dinner, milk use, sugar intake, and total problem score were selected as covariates to the model. P-values o0.05 were regarded as significant.
Results
Background characteristics
There was a tendency for female preponderance in FGID group (1.5 vs 0.7), approaching statistical significance between the groups (w 2 ¼ 2.9, P ¼ 0.087). When assessing the father's and mother's occupation separately, no significant difference was observed between the FGID and control groups (w 2 ¼ 4.4, P ¼ 0.361 and w 2 ¼ 4.5, P ¼ 0.337), respectively, but after combining the occupation groups the difference was significant, 19% of FGID children vs 38% of the control children had upper white-collar father or mother (w 2 ¼ 4.7, P ¼ 0.029).
GI symptoms
Abdominal pain was the most common GI symptom in the FGID group: 59% had abdominal pain every month, but not weekly, 31% weekly and 2% had almost continuously. Before school age, 62% of the children with FGID and 4% of the control children had suffered from abdominal pain according the parents. Loose stools/diarrhoea was present in 25% FGID children, but no one reported constipation. Heartburn was reported by 33% children in the FGID group and by 12% of control children. Swelling of upper abdomen was reported by 7% of the FGID children. Skin rash was reported by 27% in the FGID and 12% in the control group. According to the parents, 69% of the FGID children and 11% of the control children had food-related symptoms, in FGID group mainly GI and in control group skin rash or oral symptoms.
Meal patterns and food use
In (Table 2 ). Daily use of sugar containing soft drinks was also more common among FGID group (15 vs 3%, Fisher's exact test, P ¼ 0.027).
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Food avoidance was more common among the children with FGID (48 vs 11%, w 2 ¼ 21.9, Po0.001), cow's milk being the most commonly avoided foodstuff. Compared to controls, a third (31% vs 0%) of the FGID children had restricted their use of dairy products, while 13% (vs 1%) of the FGID children reported that that they drink no milk and 17% (vs 0%) used low lactose milk. Milk consumption was lower among the FGID children (mean 5.7 vs 7.1 dl/day, t ¼ 2.4, df ¼ 122, P ¼ 0.020). Other foodstuffs than milk were also avoided, 6% (vs 5%) of FGID children avoided some fruits, 8% (vs 1%) some vegetables, and 10% (vs 4%) some other food.
Nutrient intake and nutritional status
Children with FGID had higher sucrose intake than the control children (9 vs 7E%, t ¼ 2.1 (df ¼ 91), P=0.037), even though it did not exceed the recommended maximum level 10% of total energy in either group (Table 3) . No other significant differences in energy intake or energy nutrient intakes were observed, except that of lactose (27 vs 36 g,
Dietary fibre intake was similar between the groups, but 48% of the FGID and 35% of the control children did not reach the recommended minimum level of their fibre intake. Similarly, 14% of both the FGID and the control children used regularly vitamin or mineral, mainly calcium supplements. The nutritional status was similar in the groups and no significant differences were found in the relative body weights or haematological measurements. According the growth chart, 17% of the FGID and 11% of the control children were overweight by 20% or more, and 2% of the FGID and 4% of the control children were underweight by 15% or more. The haematological values (haemoglobin, mean corpuscular volume, and mean cell haemoglobin concentration) were within the normal range in both groups, except one child in FGID group who had a serum ferritin value o5 mg/l. One child with FGID and one control child had a prealbumin value below 0.10 g/l at the first measurement, but within the reference value at the second measurement.
Psychological factors (CBCL)
The children with FGID had higher total problem (mean 23.6. vs 14.6, t ¼ 3.2 (df ¼ 86), P ¼ 0.002), internalizing (mean 7.9 vs 3.4, t ¼ 4.1 (df ¼ 79), Po0.001) and externalizing scores (mean 7.9 vs 3.4, t ¼ 2.1 (df ¼ 102), P ¼ 0.036) in CBCL than the control children. However, only 4% of the FGID children (vs 0% of the control children) had the total problem score exceeding the clinical borderline (score467), which indicates a need of more detailed assessment of the emotional/ behavioural problems. In specific problem items, the scores of somatic complaints exceeded the clinical borderline in the FGID group more frequently than in the control group (29 vs 4%, w 2 ¼ 16, Po0.001).
Factors associated with FGID
In the regression model, high total problem score in CBCL associated with the occurrence of the FGIDs (OR 1.04, 95% CI 1.007-1.076), but also a high sugar intake increase the risk to belong to the FGID group (OR 1.1, 95% CI 1.004-1.215) ( Table 4 ). There was also a weak association between the low socioeconomic status of the family and the FGID.
Discussion
Our study population was a cohort of 10-11-y-old children from a rural town in mid-western Finland and we suggest that the results could be generalized to schoolchildren living in Finnish rural towns. The merits to this study are the high rate of the questionnaires compliance, careful clinical examination of all study subjects and exclusion of definite GI diseases from the FGID group and control group. In addition, this population-based study gives a picture of FGID in relation to nutrition and psychosocial factors in general community, whereas most of the previous studies have had highly selected case material. We found lessorganized meal patterns with infrequent use of vegetables, fruits and berries, but frequent use of ice cream and soft drinks in the 10-11 y-old schoolchildren with FGIDs.
Restricted milk use was also common among this group. The FGID children had higher sucrose intake than the control children, and only a half of the children had the recommended intake of dietary fibre. Although these children appeared to be healthy in terms of having similar nutritional status as compared to the control children, they had higher psychological problem scores. In the regression model, behavioural problems associated significantly with functional GI complaints. Nearly two-thirds (69%) of the children with FGID had food-related, mainly GI symptoms. Cow's milk was restricted by a third of children in the FGID group, but only one in 10 was avoiding milk as drink. In a recent study, GI and dermal symptoms were shown to be common reasons for food avoidance among children referred to outpatient clinic, cow's milk being also the most commonly avoided (de Vries et al, 2001) . Our recent studies have shown a delayed type of immunological reactivity occurring against milk proteins in the children with abdominal pain (Kokkonen et al, 2001 ). This clinical entity may be one of the main reasons behind RAP and other GI discomfort in children and should be considered when examining children with functional GI disorders. Although milk hypersensitivity was tested for using a blinded milk challenge, we probably could not identify all those reacting to milk protein within a challenge lasting only one week. It is possible that also other food hypersensitivities (fruits, vegetables, cereals) or even sorbitol/fructose malabsorption may occur among these children (Hyams et al, 1988) . Our study suggests that the degree of food avoidance and GI symptoms in relation to food use among children with unexplained GI symptoms needs to be evaluated in more detail.
We found that lack of organized meal patterns in the family associates with the occurrence of functional GI disorders in children. The families having a child with FGID tended not to eat together or prepare hot dinner regularly, and at school, the FGID children seemed also to skip free lunch more frequently, which is offered every day to Finnish schoolchildren and adolescents. Less-organized meal patterns may force the child to replace proper meals by snacks and this could explain frequent use of ice cream and soft drinks among the FGID children. A recent study showed that healthy food choices associate with regular family dinner in children and adolescents (Gillman et al, 2000) and lack of proper meals at home may increase the risk for imbalanced diet and even inadequate nutrient intake. In our study, intake of energy nutrients was within recommendations in both groups, even if sucrose intake was higher in the FGID group. Based on our findings on food use, it is, however, possible that the intake of micronutrients by the FGID children is lower than by the control children. Irregular meal patterns in family may reflect irregular lifestyle in general or other family problems (marital, unemployment, or illness). Similarly, behavioural problems of the children with FGID may reflect problems in family's life. In our previous study on the same cohort, we found that children without regular family dinner had higher level of psychological problems according CBCL than the children a more regular pattern (Haapalahti et al, 2003) . In the present study, children with FGID had higher total problem scores and tendency to internalize shown as higher somatic complaints and anxiousness/depression scores than the children without GI symptoms. However, nearly all scores fell within the normal range, as did also the CBCL scores in another study on children with RAP (Stordal et al, 2001) . Stressful life events have been shown to associate with functional GI disorders in children and in adolescents (Aro, 1987; Robinson et al, 1990; Walker et al, 1994 Walker et al, , 2001 ). Higher rates of anxiety, depression, and somatic complaints are also found in patients with organic GI problems than in control patients (Walker and Greene, 1989) . Somatic nature of the reactions to stressors has been suggested to be a factor that differentiates the children with RAP from healthy controls (Walker et al, 2001 ).
In conclusion, this population-based cross-sectional study suggests that together with psychosocial factors, eating habits within the family associate with FGID. However, more long-term studies on the relationship of eating habits with fluctuation of the functional GI disorders are needed to develop better understanding and treatment of FGID problems. 
